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NONWOVENS WITH IMPROVED CONTROL OF FILAMENT DISTRIBUTION 

This application claims priority from US Provisional Application no. 60/257,584 filed 
December 22, 2000. 

5 

Field off the Invention 

This invention is directed to a method and apparatus for controlling fiber or filament 
distribution and orientation in the manufacture of nonwoven fabrics, including spunbond 

10 nonwovens, as well as to the resulting nonwovens having a desired fiber or filament 
distribution and orientation. More particulariy, this invention is directed to a controlled 
application of an electrostatic field in combination with specific target electrode deflection 
means acting on fibers or filaments prior to deposition on a forming wire or other web 
fomning means. The design of the deflector means located below fiber drawing means, 

15 When combined with the controlled application of electrostatics provides separation of the 
fibers or filaments and directional distribution on the forming surface to result in webs with 
desired preferential orientation and resulting web properties. The invention also includes a 
method of producing spunbond and other nonwoven fabrics that can be tailored to 
achieve a wide variety of physical and other properties for numerous applications in 

20 personal care, health care, protective apparel and industrial products. 

Background 

Nonwoven fabrics or webs constitute all or part of numerous commercial products such as 
adult incontinence products, sanitary napkins, disposable diapers and hospital gowns. 
25 Nonwoven fabrics or webs have a physical structure of individual fibers, strands or 
threads which are interiaid, but not in a regular, identifiable manner as in a knitted or 
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woven fabric. The fibers may be continuous or discontinuous, and are frequently 
produced from thermoplastic polymer or copolymer resins from the general classes of 
polyoleflns, polyesters and polyamides, as well as numerous other polymers. Blends of 
polymers or conjugate multicomponent fibers may also be employed. Methods and 
5 apparatus for fomiing fibers and producing a nonwoven web from synthetic fibers are well 
known; common techniques and include meltblowing, spunbonding and carding. 
Nonwoven fabrics may be used individually or in composite materials as in a 
spunbond/meltblown (SM) laminate or a three-layered spunbond/meltblown/spunbond ( 
SMS) fabric. They may also be used in conjunction with films and may be bonded, 

10 embossed, treated or colored. Colors may be achieved by the addition of an appropriate 
pigment to the polymeric resin. In addition to pigments, other additives may be utilized to ^ 
impart specific properties to a fabric, such as in the addition of a fire retardant to impart 
flame resistance or the use of inorganic particulate matter to improve porosity. Because 
they are made from polymer resins such as polyolefins, nonwoven fabrics are usually 

15 extremely hydrophobic. In order to make these materials wettable, surfactants can be 
added internally or externally. Furthemiore, additives such as wood pulp or fluff can be 
incorporated into the web to provide increased absorbency and decreased web density. 
Such additives are well known in the art. Bonding of nonwoven fabrics can be 
accomplished by a variety of methods typically based on heat and/or pressure, such as 

20 through air bonding and themnal point bonding. Ultrasonic bonding, hydroentangling and 
stitchbonding may also be used. There exist numerous bonding and embossing patterns 
that can be selected for texture, physical properties and appearance. Qualities such as 
strength, softness, elasticity, absorbency, flexibility and breathabillty are readily controlled 
in making nonwovens. l-lowever, certain properties must often be balanced against 

25 Others. An example would be an attempt to lower costs by decreasing fabric basis weight 
while maintaining reasonable strength. Nonwoven fabrics can be made to feel cloth-like or 
plastic-lfke as desired. The average basis weight of nonwoven fabrics for most 
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applications is generally between 5 grams per square meter and 300 grams per square 
meter, depending on the desired end use of tlie material. Nonwoven fabrics have been 
used in the manufacture of personal care products such as disposable infant diapers, 
children's training pants, feminine pads and Incontinence ganments. Nonwoven fabrics are 
5 particularly useful in the realm of such disposable absorbent products because it Is 
possible to produce them with desirable cloth-like aesthetics at a low cost. Nonwoven 
personal care products have had wide consumer acceptance. The elastic properties of 
some nonwoven fabrics have allowed them to be used in fomi-fitting gamients, and their 
flexibility enables the wearer to move in a nomial. unrestricted manner. The SM and SMS 

10 laminate materials combine the qualities of strength, vapor penneability and banier 
property; such fabrics have proven ideal in the area of protective apparel. Sterilization 
wrap and surgical gowns made from such laminates are widely used because they are 
medically effective, comfortable and their cloth-like appearance familiarizes patients to a 
. potentially alienating environment. Other industrial applications for such nonwovens 

15 include wipers, soriDents for oil and the like, filtration, and covers for autonmbiles and 
boats, just to name a few. 

It is widely recognized that properties relating to strength and banier of nonwoven fabrics 
are a function of the unifomiity and directionality of the fibers or filaments in the web. 

20 Various attempts have been made to distribute the fibers or filaments within the web in a 
controlled manner. These attempts have included the use of electrostatics to impart a 
charge to the fibers or filaments, the use of spreader devices to direct the fibers or 
filaments, the use of deflector means for the same purpose, and reorienting the fiber 
forming means. However, it remains desired to achieve still further capability to gain this 

25 control in a way that Is consistent with costs dictated by the disposable applications for 
many of these nonwovens. 
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Summary of the Invention 

The present invention Includes the use of electrostatics in combination with a segmented 
target electrode deflector plate below the fiber drawing means acting on fibers or 
5 filaments prior to laydown on a fomiing surface to control the distribution and orientation 
of the fibers or filaments in the resulting web. Particulariy when used in a spunbond 
process, the resulting web can be made to achieve widely varying degrees of physical and 
bamer properties, including a very high degree of unifomiity if desired. The invention is 
applicable to spinning a wide variety of polymers in monocomponent, biconstituent or 

10 conjugate filaments and using many different bonding steps, such as patterned thennal or. 
ultrasonic bonding as well as adhesive bonding. Also, the filaments or fibers may vary 
widely in denier, cross-sectional shape and the like and may be cornbined as mixtures of 
the foregoing. Single layer nonwoven webs or multilayer laminates may be formed in 
accordance with the invention. 

15 The invention provides a process for fomiing a nonwoven web includes the steps of: 

a. providing a source of fibers and/or filaments; 

b. subjecting the fibers and/or filaments to an electrostatic charge; 

20 c. directing the fibers and/or filaments to a deflector device while under the influence 
of the electrostatic charge; and 
d. collecting the fibers and/or filaments on a fomiing surfece to fonri a nonwoven 
web. 

25 In one embodiment the fibers and/or filaments are provided by melt spinning. In a further 
aspect the meltspun filaments may be continuous and subjected to pneumatic draw forces 
in a fiber draw unit prior to being subjected to said electrostatic charge. In a specific 
embodiment the deflector device includes a series of teeth separated by a distance 
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determined by the desired orientation of the fibers and/or filaments in the nonwoven web. 
Also, in one aspect the teeth are oriented at an angle with respect to the directed fibers 
and/or filaments, the angle detemiined by the desired orientation of the fibers and/or 
filaments in the nonwoven web. The invention also includes the apparatus and resulting 
5 nonwoven webs. 

Brief Description of the Drawings 

FIG. 1 is a schematic Illustration of a spunbond process including the fiber or filament 
1 0 control of the invention. 

FIG. 2 is an enlarged view of the combined electrostatics and segmented target electrode 
deflector device in accordance with the invention. 

15 FIG. 3 is a detailed, view of a target electrode deflector device in accordance with the 
invention. 

Detailed Description 

Definitions 

20 

As used herein.and in the claims, the term "comprising" is inclusive or open-ended and 
does not exclude additional unrecited elements, compositional components, or method 
steps. 

25 As used herein the term "nonwoven fabric or web" means a web having a stmcture of 
individual fibers or threads which are interiaid, but not in an Identifiable manner as in a 
knitted fabric. Nonwoven fabrics or webs have been formed from many processes such as 

5 
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for example, meltblowing processes, spunbonding processes, and bonded carded web 
processes. The basis weight of nonwoven fabrics is usually expressed in ounces of material 
per square yard (osy) or grams per square meter (gsm) and the fiber diameters useful are 
usually expressed in microns. (Note that to convert from osy to gsm, multiply osy by 33.91). 



As used herein the term "microflbers" means small diameter fibers having an average 
diameter not greater than about 75 microns, for example, having an average diameter of 
from about 0.5 microns to about 50 microns, or more particularly, microfibers may have an 

10 average diameter of from about 2 microns to about 25 microns. Another frequently used 
expression of fiber diameter is denier, which is defined as grams per 9000 meters of a fiber 
and may be calculated as fiber diameter in microns squared, multiplied by the density in 
grams/cc, multiplied by 0.00707. A lower denier indicates a finer fiber and a higher denier 
indicates a thicker or heavier fiber. For example, the diameter of a polypropylene fiber given 

15 as 1 5 microns may be converted to denier by squaring, multiplying the result by 0.89 g/cc 
and multiplying by 0.00707. Thus, a 15 micron polypropylene fiber has a denier of about 
1.42 (15^ x 0.89 x .00707 = 1 .415). Outside the United States the unit of measurement is 
more commonly the "tex", which is defined as the grams per kilometer of fiber. Tex may be 
calculated as denier/9. 

20 

As used herein the temn "spunbonded fibers" refers to small diameter fibers which are 
formed by extruding molten themioplastic material as filaments from a plurality of fine, 
usually circular capillaries of a spinneret v\rith the diameter of the exbruded filaments then 
being rapidly reduced as by, for example, in US Patent 4,340,563 to Appel et al., and US 
25 Patent 3,692,618 to Dorschner et al., US Patent 3,802,817 to Matsuki et al., US Patents 
3,338,992 and 3.341 ,394 to Kinney, US Patent 3,502,763 to Hartman, and US Patent 
3,542,615 to Dobo et al. Spunbond fibers are generally not tacky when they are deposited 

6 
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onto a collecting surface. Spunbond fibers are generally continuous and have average 
diameters (from a sample of at least 10) larger than 7 microns, more particularly, between 
about 10 and 20 microns. The fibers may also have shapes such as those described in US 
Patents 5,277,976 to Hogle et al., US Patent 5.466.410 to Hills and 5.069,970 and 
5 5,057,368 to Largman et al., which describe fibers with unconventional shapes. 

As used herein the term "meltblown fibers" means fibers formed by extruding a molten 
themioplastic material through a plurality of fine, usually circular, die capillaries as molten 
threads or filaments into converging high velocity, usually hot, gas (e.g. air) streams which 

10 attenuate the filaments of molten themioplastic material to reduce their diameter, which may 
be to microfiber diameter. Thereafter, the meltblown fibers are canied by the high velocity 
gas stream and are deposited on a collecting surface to form a web of randomly dispersed 
meltblown fibers. Such a process is disclosed, for example, in US Patent 3.849,241 to Butin 
et al. Meltblown fibers are microfibers which may be continuous or discontinuous, are 

15 generally smaller than 10 microns In average diameter, and are genei^lly tacky when 
deposited onto a collecting surface. 

As used herein "multilayer laminate" means a laminate wherein some of the layers may be 
spunbond and some mettblown such as a spunbond/meKblown/spunbond (SMS) laminate 

20 and others as disclosed in U.S. Patent 4,041,203 to Brock et al., U.S. Patent 5,169,706 to 
Collier, et al, US Patent 5,145.727 to Potts et al., US Patent 5.178,931 to Peiidns et al. and 
U.S. Patent 5,188,885 to Timmons et al. Such a laminate may be made by sequentially 
depositing onto a moving fomning belt first a spunbond fabric layer, flien a meltblown fabric 
layer and last another spunbond layer and ttien bonding the laminate in a manner described 

25 below. Alternatively, the fabric layers may be made individually, collected in rolls, and 
combined In a separate bonding step. Such fabrics usually have a basis weight of from 
about 0.1 to 12 osy (6 to 400 gsm), or more particulariy firom about 0.75 to about 3 osy. 

7 
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Multilayer laminates may also have various numbers of meltblown layers or multiple 
spunbond layers in many different configurations and may include other materials like films 
(F) or cofomn materials, e.g. SMMS, SM, SFS. etc. 

5 As used herein the temi "polymer" generally includes but is not limited to, homopolymers, 
copolymers, such as for example, blocl<, graft, random and altemating copolymers, 
terpolymers, etc. and blends and modifications thereof. Furthemnore, unless othenA^ise 
specifically limited, the tenn "polymer** includes all possible geometrical configurations of the 
molecule. These configurations include, but are not limited to isotactic, syndiotactic and 
10 random symmetries. 

As used herein, the temn "machine direcHon" or MD means the length of a fabric in the 
direction in which it is produced. The terni "cross machine direction" or CD means the width 
of fabric, i.e. a direction generally perpendicular to the MD. 

15 

As used herein the temi "monocomponenf* fiber refers to a fiber fonned from one or more 
extruders using only one polymer. This is not meant to exclude fibers fonned from one 
polymer to which small amounts of additives have been added for color, antistatic 
properties, lubrication, hydrophilicity, etc. These additives, e.g. titanium dioxide for color, are 
20 generally present in an amount less than 5 weight percent and more typically about 2 weight 
percent. 

As used herein the temi "conjugate fibers" refers to fibers which have been fonned from at 
least two polymers extruded from separate extmders but spun together to form one fiber. 
25 Conjugate fibers are also sometimes refenred to as multicomponent or bicomponent fibers. 
The polymers are usually different from each other though conjugate fibers may be 
monocomponent fibers. The polymers are anranged in substantially constantly positioned 

8 
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distinct zones across the aoss-secHon of the conjugate fibers and extend continuously 
along the length of the conjugate fibers. The configuration of such a conjugate fiber may 
be, for example, a sheath/core arrangement wherein one polymer is sun-ounded by another 
or may be a side by side arrangement, a pie anrangement or an "islands-in-the-sea" 
5 anrangement Conjugate fibers are taught In US Patent 5,108,820 to Kaneko et al., US 
Patent 4,795,668 to Kmeger et a!., US Patent 5,540,992 to Marcher et al. and US Patent 
5,336,552 to Strack et al. Conjugate fibers are also taught In US Patent 5,382,400 to Pike 
et al. and may be used to produce crimp in the fibers by using the differential rates of 
expansion and contraction of the two (or more) polymers. Crimped fibers may also be 

10 produced by mechanical means and by the process of German Patent DT 25 13 251 A1 , 
For two component fibers, the polymers may be present in ratios of 75/25, 50/50, 25/75 or 
any other desired ratios. The fibers may also have shapes such as those described in US 
Patents 5,277,976 to Hogle et al, US Patent 5,466,410 to Hills and 5,069,970 and 
5,057,368 to Largman et al., which describe fibers with unconventional shapes. 

15 As used herein the temi "biconstituent fibers" refers to fibers which have been fomied from 
at least two polymers extruded from the same extruder as a blend. The tenvi "blend" is 
defined below. Biconstituent fibers do not have the various polymer components an^nged 
in relatively constantiy positioned distinct zones across the cross-sectional area of tiie fiber 
and the various polymers are usually not continuous along ttie entire lengtti of ttie fiber, 

20 instead usually fomning fibrils or protofibrils which start and end at random. Biconstituent 
fibers are sometimes also refenred to as multiconstituent fibers. Fibers of tills general type 
are discussed in, for example, US Patents 5,108,827 and 5,294,482 to Gessner. 
Bicomponent and biconstituent fibers are also discussed in tine textt^ook Polvmer Blends 
and Composites by John A. Manson and Leslie H. Speriing, copyright 1976 by Plenum 

25 Press, a division of Plenum Publishing Corporation of New York, IBSN 0-306-30831-2, at 
pages 273 through 277. 
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As used herein the term "blend" means a mixture of two or more polymers while the tenfn 
"alloy" means a sub-class of blends wherein the components are Immiscible but have been 
compatibilized. "Miscibillty" and Immiscibility" are defined as blends having negative and 
positive values, respectively, for the free energy of mixing. Further, "compatibilization" Is 
5 defined as the process of modifying the interfacial properties of an immiscible polymer blend 
in order to make an alloy. 



"Bonded carded web" refers to webs that are made from staple fibers which are sent 
through a combing or carding unit, which breaks apart and aligns the staple fibers in the 

10 machine direction to form a generally machine direction-oriented fibrous nonwoven web. 
Such fibers are usually purchased in bales which are placed in a picker wNch separates 
the fibers prior to the cdrding unit. Once the web Is fonned, It then Is bonded by one or 
more of several known bonding methods. One such bonding method is powder bonding, 
wherein a powdered adhesive is distributed throughout the web and then activated, 

15 usually by heating the web and adhesive with hot air. Another suitable bonding method is 
pattern bonding, wherein heated calender rolls or ultrasonic bonding equipment are used 
to bond the fibers together, usually in a localized bond pattem, though the web can be 
bonded across its entire surface if so desired. Another suitable and well-known bonding 
method, particularly when using bicomponent staple fibers, Is through-air bonding. 

20 

As used herein, "ultrasonic bonding" means a process perfomied, for example, by passing 
the fabric between a sonic hom and anvil roll as illustrated in US Patent 4,374,888 to 
Bomslaeger. 

25 As used herein "thermal point bonding" involves passing a fabric or web of fibers to be 

bonded between a heated calender roll and an anvil roll. The calender roil Is usually, though 
not always, patterned in some way so that the entire fabric is not bonded across its entire 

10 
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surfece, and the anvil roll is usually flat. As a result, various patterns for calender rolls have 
been developed for functional as well as aesthetic reasons. One example of a pattern has 
points and is the Hansen Pennings or "H&P* pattern with about a 30% bond area with about 
200 bonds/square Inch as taught in U.S. Patent 3,855,046 to Hansen and Pennings. The 
5 H&P pattern has square point or pin bonding areas wherein each pin has a side dimension 
of 0.038 inches (0.965 mm), a spacing of 0.070 Inches (1.778 mm) between pins, and a 
depth of bonding of 0.023 inches (0.584 mm). The resulting pattern has a bonded area of 
about 29.5%. Another typical point bonding pattern is the expanded Hansen Pennings or 
"EHP" bond pattern which produces a 15% bond area with a square pin having a side 

10 dimension of 0.037 inches (0.94 mm), a pin spacing of 0.097 inches (2.464 mm) and a 
depth of 0.039 inches (0.991 mm). Another typical point bonding pattern designated '714" 
has square pin bonding areas wherein each pin has a side dimension of 0.023 inches, a 
spacing of 0.062 inches (1 .575 mm) between pins, and a depth of bonding of 0.033 inches 
(0.838 mm). The resulting pattem has a bonded area of about 15%. Yet another common 

15 pattem is the C-Star pattem which has a bond area of about 16.9%. The C-Star pattem has 
a cross-directional bar or "corduroy" design intenupted by shooting stars. Other common 
patterns include a diamond pattem with repeating and slightly offset diamonds with about a 
16% bond area and a wire weave pattem looking as the name suggests, e.g. like a window 
screen, with about a 19% bond area. Typically, the percent bonding area varies from 

20 around 10% to around 30% of the area of the fabric laminate web. As in well known in the 
art, the spot bonding holds the laminate layers together as well as imparts integrity to each 
individual layer by bonding filaments and/or fibers within each layer. 

As used herein, the temi "personal care product' means diapers, training pants, swimwear, 
25 absort)ent underpants, adult incontinence products, and feminine hygiene products. It also 
includes absorbent products for veterinary and mortuary applications. 

11 
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As used herein, the term "protective cover" means a cover for vehicles such as cars, trucl<s, 
l3oats, airplanes, motorcycles, bicycles, golf carts, eta, covers for equipment often left 
outdoors like grills, yard and garden equipment (mowers, rototillers, etc.) and lawn fumiture, 
as well as floor coverings, table cloths and picnic area covers. 

5 

As used herein, the tenn "outdoor fabric" means a fabric which is primarily, though not 
exclusively, used outdoors. Outdoor fabric includes fabric used in protective covers, 
camper/trailer fabric, tarpaulins, awnings, canopies, tents, agricultural fabrics and outdoor 
apparel such as head coverings, industrial woric wear and coveralls, pants, shirts, jackets, 
10 gloves, socks, shoe coverings, and the like. 

Description 

Turning to FIG. 1, there is shown an example of a spunbond nonwoven fomiing process in 
15 accordance with the invention. As illustrated, spinplate 1 0 receives polymer from a 
conventional meK extrusion system (not shown) and fomns filaments 12 which may be 
monocomponent, conjugate or biconstituent as described above. Fiber draw unit 14 
includes a source of drawing air from chambers 16 directed at high velocity pulling filaments 
12 causing orientation of the filaments, increasing their strength properties. Below the fiber 
. 20 draw unit 14 there is shown electrostatics unit 18 including rows 20 of pins producing a 
corona discharge against target electrodes 22 and deflector 24. The charged filaments 12 
then are directed to the fonning wire 26 moving around rolls 28, one or both of which may 
be driven. A compaction device such as air knife 30 may be used to consolidate web 32 
prior to bonding nip 34 between calender rolls 36, 38 (one or both of which may be 
25 patterned as described above) which fomn bonded web 40. If desired, conventional means 
15 for removing or reducing the charge on the web may be employed such as applying an 

12 
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oppositely charged field or ion cloud. Such devices are known and described, for example, 
in US Patent 3.624,736 to Jay, incorporated herein in its entirety by reference. 

It will be recognized by those skilled in the art that various combinations of charge polarity 
5 may be used in carrying out the invention. For example, with reference to Fig. 1 , the 
following chart illustrates exemplary alternatives. A charge of zero indicates the device is 
connected to ground. 
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10 

Tuming to FIG. 2, there is shown a view of one corona discharge anrangement 201 useful in 
accordance with the invention. The exit from fiber draw unit 14 is indicated at 203 and is 
separated by insulation 205 from ammeter 207 connected to power supply 209 forming 
target 235 including plate 21 1 . The electrode anray is comprised of multiple bars, for 
15 example four bars 213, 215, 217, 219, each of which contains a plurality of recessed 
emitter pins 221 . Also fomiing part of the target 235 is deflector 231 attached by 
conductive means such as bolt 233 to plate 21 1 . The deflector target can be Isolated from 
or connected to the target plate by a conductive means. 
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Turning to FIG. 3, there is shown a perspective view of one target electrode deflector 231 in 
accordance with the invention. The deflector is segmented by grooves 301 fbmied by teeth 
303 mounted by bolts 305 to support 307. Although not apparent from the drawing, teeth 
303 may be separated by a spacing of, for example, about one eighth inch to provide for 
5 additional control of fiber distribution. The shape and spacing of the teeth 303 may be 
varied to produce intended degrees of fiber separation and orientation on laydown. 

Examples 

10 While the invention will be illustrated by means of examples, the examples are only 
representative and not limiting on the scope of the invention which is detemiined in 
reference to the appended claims. 

Electrode 

15 

Emitter pins are spaced apart at Vi inch, and recessed at 1/8 inch in a cavity of 0.5 inch 
high X 0.25 inch deep. These 26 inch wide rows (24 effective inch) of pins are stacked up 
in four, and the distance between pins is % inch (See Figure 3). The row of pins was 
manufactured by The SImco Company, Inc., 2257 North Penn Road, Hartfield, PA 19440. 

20 These electrodes were connected to a high voltage DC source through a single 100 mega 
ohm resistor to measure the discharge current via the con^esponding voltage. The power 
supply was Model EH30R3, 0 - 30 KV, 0 - 3 MA, 100 watt regulated, reversible with 
respect to chassis ground, but the negative voltage was applied here although opposite 
charge may also be used. It was manufactured by Glassman IHigh Voltage, Inc., PO Box 

25 551 , Route 22 East, Salem Pari<, Whitehouse Station, NJ 08889. 
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Target 

Two target objects were used: a target plate and target deflector. The plate was 3 inches 
high X 26 inches wide conducting steel plate. The deflector was comprised of a multitude 
of 60 degree angle x 3/8 inch wide x 1 .88 inches long, conducting steel teeth. They were 
stacked at an angle 32 degrees with respect of the center line of the fiber draw unit with a 
spacing of 1/8 Inch (see Figure 3). Their steel surfaces were coated with ceramic 
PRAXAIR LA-7 coating 0.002 - 0.005 inch thick. This abrasion resistant coating had very 
little surface resistance of 7ohms over approximately % inch distance, while the 
corresponding value of the uncoated steel resistance was close to 0.0002 ohms. These 
two targets were joined with conducting steel bolts to each other, and connected to 
another power supply through another 100 mega-ohm resistor. The power source was the 
same Glassmah power supply, but with different, positive sign, polarity. Thus, the net 
cunrent between the value at the electrode and that at the target indicates the amount of 
discharge in the air borne fiber stream, and estimated the amount of charge in the fibers. 

Examples A throuflhE 

20 Spinning Condition . 

A 17 inches effective wide spin plate of 130 holes/inch was used at 0.65 grams/hole to 
obtain 0.5 ounce/yd^ at approximately 2 denier/filament spunbond polypropylene fillers. 
The equipment used was generally in accordance with above-described !\/latsuki USP 
25 3,802,817, incorporated herein in its entirety by reference, except as specifically described 
herein. 
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Table 1. Results of Electrostatic Charging a nd Combing 



5 


Example ID 


6 


g 


e 




E 




Electrode Voltage, V1 KV 


0 


-5 


-5 


-5 


-17 


10 


Target Voltage, V2KV 


0 


15 


18 


18 


5 


Net Current, Inet = A1 - A2 
Microamp/inch (1) 


0 


2.5 


3.3 


3.3 


3.3 


15 


Overall Voltage, V1 -V2KV 


0 


-20 


-23 


-23 


-22 


Specific Charge 

MicroCoulomb/g fiber(2) 
MicroCoulomb/m^ fiber surface (3) 


0 
0 


2.51 
10 


3.34 
13,3 


3.34 
13.3 


3.34 
13.3 


20 


Target Deflector 


No 


No 


No 


Yes 


Yes 




Web Formation Rating (4> 


0 


1 


2 


5 


5 



Note: (1) Current indication was fluctuated severely, perhaps implying the 
25 fluctuating fiber flux 

(2) Based on throughput Indicated above, and assumed the net 
charge on fibers 

(3) Based on specific fiber surface area = 0.25 m^/g at 2 dpf 

(4) Visual subjective rating with 5 being the best 
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As shown in Table 1 , the electrostatic charging in this bias circuitry at - 20 to - 23 
improved fomiation, but much greater Improvements were made with target deflector 
35 plate with a high voltage bias circuitry. 



While this invention is not limited to any theory of operation, It is believed that such 
dramatic Improvement has been made as follows. Typically the fibers are easily moved 
around in the flowfield due to local fluctuations in velocity which Is a characteristic of 
40 turbulent flow. As fibers are charged, the resulting electrostatic repulsion force prevents 
the fibers firom roping or clumping together. A typical velocity at the exit of the fiber draw 



16 



wo 02/052071 



PCT/USOl/50255 



unit is of the order of 6000 m/min. Assume the turbulent fluctuation in velocity is of the 
order of 10% of the mean velocity, i.e., 6000 x 10/100 = 600 m/min. Further assume this 
fluctuating velocity component is directed perpendicular to the fiber axis. The drag force 
acting on the fiber due to this fluctuation in velocity would be of the onJer of 1 dyne. This 
5 force would correspond to a filament spacing of 0.02 cm for two 2 dpf and 1 cm long 
fibers with 3.3 microcoulomb/gram charge according to the Coulombic Law. Essentially 
there is a balance between the electrostatic force and turbulence induced forces at a 
length scale of 0.02 cm. Strictly speaking the electrostatic forces insure filament 
separation on a small length scale. 

10 

On the other hand the mechanical deflector provides mixing that helps improve fonnation 
defects that are of the order of 1 .2 to 2.5 cm in scale. Coupling the electrostatics with the 
mechanical deflector insures fiber uniformity over a length scale of 0.02 to 2.5 cm. 
Consider the following analogy. A sand box contains sand of varying depth resulting in a 
15 bumpy surface. Dragging a rake across the sand would help reduce surface texture on a 
length scale equal to the spacing of the tines. Dragging a screen across the sand would 
help smooth the surface on a length scale of the mesh in the screen. For this analogy the 
mechanical deflector acts as the rake and electrostatics acts like the screen. 

20 While the invention has been described in terms of its best mode and other embodiments, 
variations and modifications will be apparent to those of skill in the art. It is intended that 
the attached claims include and cover all such variations and modifications as do not 
materially depart from the broad scope of the invention as described therein. 
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We claim: 

1 . Process for forming a nonwoven web comprising the steps of: 

a. providing a source of fibers and/or filaments; 

b. subjecting said fibers and/or filaments to an electrostatic charge; 

c. directing said fibers and/or filaments to a deflector device while said fibers and/or 
filaments are under the influence of said electrostatic charge; and 

d. collecting said fibers and/or filaments on a fomiing surface to form a nonwoven 
web. 

2. The process of claim 1 wherein said fibers and/or filaments are provided by melt 
spinning. 

3. The process of claim 2 wherein said meltspun filaments are continuous and subjected 
to pneumatic draw forces in a fiber draw unit prior to being subjected to said 
electrostatic charge. 

4. The process of claim 1 wherein said deflector device comprises a series of teeth 
separated by a distance determined by the desired orientation of said fibers and/or 
filaments in said nonwoven web. 

5. The process of claim 2 wherein said deflector device comprises a series of teeth 
separated by a distance determined by the desired orientation of said fibers and/or 
filaments in said nonwoven web. 
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6. The process of claim 3 wherein said deflector device comprises a series of teeth 
separated by a distance determined by the desired orientation of said fibers and/or 
filaments in said nonwoven web. 

7. The process of claim 4 wherein said teeth are oriented at an angle with respect to said 
directed fibers and/or filaments, said angle determined by the desired orientation of 
said fibers and/or filaments in said nonwoven web. 

8. The process of claim 5 wherein said teeth are oriented at an angle with respect to said 
directed fibers and/or filaments, said angle determined by the desired orientation of 
said fibers and/or filaments in said nonwoven web. 

9. The process of claim 6 wherein said teeth are oriented at an angle with respect to said 
directed fibers and/or filaments, said angle determined by the desired orientation of 
said fibers and/or filaments in said nonwoven web. 

10. The process of claim 1 including the step of reducing or eliminating the charge 
remaining on said nonwoven web after H has been fonried. 

1 1 . Apparatus for fomiing a nonwoven web, said apparatus comprising: 

a. a source of fibers and/or filaments; 

b. a device for applying an electrostatic charge to said fibers and/or filaments; 

c. a deflector device In the path of said fibers and/or filaments and adapted to affect 
said fibers and/or filaments while said fibers and/or filaments are under the 
influence of said electrostatic charge; and 

d. a forming surface for collecting said fibers and/or filaments as a nonwoven web. 
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12. The apparatus of daim 1 1 wherein said source of fibers and/or filaments is a mett 
spinning device. 

13. The apparatus of Claim 12, wherein said melt spinning device produces continuous 
filaments and further including a fiber draw unit applying pneumatic draw forces to 
said continuous filaments prior to being subjected to said electrostatic charge. 

14. The apparatus of Claim 1 1 wherein said deflector device comprises a series of teeth 
separated by a distance determined by the desired orientation of said fibers and/or 
filaments in said nonwoven web. 

15. The apparatus of Claim 12 wherein said deflector device comprises a series of teeth 
separated by a distance detennined by the desired orientation of said fibers and/or 
filaments in said nonwoven web. 

16. The apparatus of Claim 13 wherein said deflector device comprises a series of teeth 
separated by a distance detennined by the desired orientation of said filaments in said 
nonwoven web. 

17. The apparatus of claim 14 wherein said teeth are oriented at an angle with respect to 
said directed fibers and/or filaments, said angle detemriined by the desired orientation 
of said fibers and/or filaments in said nonwoven web. 

18. The apparatus of claim 15 wherein said teeth are oriented at an angle with respect to 
said directed fibers and/or filaments, said angle detennined by the desired orientation 
of said fibers and/or filaments in said nonwoven web. 
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1 9. The apparatus of claim 16 wherein said teeth are oriented at an angle with respect to 
said directed fibers and/or filaments, said angle determined by the desired orientation 
of said filaments in said nonwoven web. 

20. The apparatus of claim 1 1 further including mans for reducing or eliminating the 
charge remaining on said nonwoven web after it has been formed. 

21 . A nonwoven web produced by the process of Claim 1. 

22. A nonwoven web produced by the process of Claim 7. 
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